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The (p,pl)  r eac t ion  has been widely used a s  
a t o o l  f o r  s tudying nuclear  s t r u c t u r e .  It is  de- 
s i r a b l e  t o  study t h i s  r eac t ion  a t  energies  g rea t e r  
than about 100 MeV f o r  s eve ra l  reasons: t he  
reac t ion  mechanism may be more e a s i l y  understood 
than a t  lower energies ,  d i s t o r t i o n  e f f e c t s  on t h e  
incoming and outgoing proton wave funct ions  a r e  
more e a s i l y  handled, and measurements involving 
l a r g e  momentum t r a n s f e r  t o  t he  t a r g e t  nucleus 
a r e  f a c i l i t a t e d .  Un t i l  t he  completion of t h e  
Indiana Universi ty Cyclotron F a c i l i t y  i t  was not  
poss ib le  t o  perform such measurements wi th  suf-  
f i c i e n t  energy r e so lu t ion  t o  study e x c i t a t i o n  
energies  above a few MeV. 
One of t he  more i n t e r e s t i n g  aspects  of t h i s  
type of s tudy is the  p o s s i b i l i t y  of  e x c i t i n g  
high-spin "part icle-hole" s t a t e s  a t  l a r g e  momentum 
0 
t r ans fe r .  S t a t e s  of t h i s  type have been i d e n t i f i e d  
i n  2 8 ~ i  via t he  ( e , e l )  reaction1), and angular  
d i s t r i b u t i o n s  have been predic ted  f o r  e x c i t i n g  
them i n  s eve ra l  l i g h t ,  even-even t a r g e t s  by using 
the  (e,el) ' )  and (p,n)3) reac t ions .  Since these  
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f i c a t i o n  is  important both from a spec t roscopic  
poin t  of view, 294) and f o r  s tudying nuclear  Figure 1. I n e l a s t i c  proton spec t r a  taken wi th  t he  
QDDM magnetic spectrograph. The pos i t i ons  
r eac t ion  mechanisms. (The l a t t e r  is e spec i a l l y  of t h e  6',1 peaks a r e  indica ted  by t h e i r  
e x c i t a t i o n  energies.  Theore t ica l  predic-  
i n t e r e s t i n g  because a s e l e c t i v e  s tudy of s p e c i f i c  t i o n s  f o r  t he  energies  of these  s t a t e s  
by Donnelly and Walker (Ref.2) a r e  i nd i -  
sp in  and i sosp in  dependent p a r t s  of t he  i n t e r a c t i o n  ca ted  by a dashed l i n e .  
between f r e e  and bound nucleons can be performed). 5 
8, (dog) 8, (deg) 8, (deg) 
Figure 2. Angular d i s t r i b u t i o n s  f o r  s c a t t e r i n g  t o  high-spin par t ic le -hole  s t a t e s  i n  28~i.  
We have measured angular  d i s t r i b u t i o n s  of 
d i f f e r e n t i a l  c ross  s ec t ions  f o r  t he  r eac t ions  28~i,  
2 4 ~ g ,  4 0 ~ a ,  2 0 8 ~ b  (p ,p l )  using 135-MeV protons.  
We a l s o  have obtained d a t a  a t  a few angles  f o r  t he  
r eac t ions  3 2 ~ 7  2 6 ~ g ,  'Ozr (p7p1)  (Ep = 135 MeV) 
and 2 8 ~ i ( p , p ' )  (Ep = 80 MeV). The maximum exci ta -  
t i o n  energy s tud ied  i n  t he  l i g h t e r  t a r g e t s  was 
about 17  MeV, and i n  20$b about 8 MeV. The energy 
r e so lu t ion  f o r  most of  t he  da t a  was about 70 keV 
fwhm. Figure 1 shows proton spec t r a  taken a t  a 
labora tory  angle of 35' using the  QDDM magnetic 
spectrograph.  The most s t r i k i n g  f e a t u r e  of t he se  
da t a  i s  t h e  absence of s t rong peaks i n  4 0 ~ a  and 
3 2 ~  corresponding t o  e x c i t a t i o n  of t he  6-, T=l 
goes from t h e  l i g h t e r  t o  t he  heavier  t a r g e t s  i n  t h e  
s d  s h e l l .  
S t a t e s  of  J',T=~-, 1 (Ex=14. 35eO .O13 MeV), 
4-,1 (Ex = 12.656 5 . 0 0 5  MeV), and 6-,0 (Ex = 
11.580 - + 0.006 MeV) have been i d e n t i f i e d  i n  28~ i  and 
the  6-,1 (Ex = 15.137 + 0.022 MeV) s t a t e  has  been 
loca t ed  i n  2 4 ~ g .  These values f o r  t h e  e x c i t a t i o n  
energies  a r e  i n  good agreement wi th  published 
va lues  f o r  l e v e l s  i n  28~i,67 7, and wi th  r ecen t  
i n e l a s t i c  e l e c t r o n  s c a t t e r i n g  r e s u l t s  from BATES 
labora tory8)  which y i e l d  a value of  about 15.1 MeV 
f o r  t h e  6-,1 s t a t e  i n  2 4 ~ g .  These s t a t e s  a r e  
be l ieved t o  have conf igura t ions2)  t h a t  a r e  pre- 
dominantly of a l f712  ( ldgI2)-l  charac ter .  Dif- 
s t a t e  wi th  a conf igura t ion  i f  (ldgI2)-'. A s  
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f e r e n t i a l  c ros s  s ec t ions  f o r  e x c i t i n g  these  s t a t e s  
indica ted  by the  f i gu re ,  t h i s  s t a t e  is s t rong ly  i n  28~ i  a r e  shown i n  Figure 2. The DWBA c a l c u l a t i o n  
exc i t ed  i n  2 8 ~ i  and 2hg. Since the  predic ted  shown was s i m i l a r  t o  those  performed by Moffa and 
e x c i t a t i o n  energies  f o r  t h i s  l e v e l  a r e  we l l  above walker3) i n  t h a t  use was made of an  e f f e c t i v e  i n t e r -  
p a r t i c l e  thresholds ,  t h e  proton s p e c t r a  may be a c t i o n  t h a t  was f i t t e d  t o  low energy (p ,p l )  and 
ind i ca t ing  an inc rease  i n  t he  l e v e l  width a s  one (p,n) da ta .  The o t h e r  curves a r e  PWIA ca l cu l a t i ons  
O f  inunediate i n t e r e s t  i n  t h e  f u t u r e  is  t h e  
extension of t he  da ta  ana lys i s  t o  DWBA ca l cu l a t i ons .  
We expect t o  continue our survey of s-d s h e l l  nuc l e i ,  
including T#O t a rge t s .  27~1  o f f e r s  the  prospect  of 
having a mu l t i p l e t  of s t a t e s ,  formed by coupling a 
s i n g l e  p a r t i c l e  (or  hole)  t o  t h e  par t ic le -hole  s t a t e s ,  
which may be s t rong ly  exc i t ed  by i n e l a s t i c  proton 
s c a t t e r i n g .  Recently acquired 2 0 8 ~ b  s p e c t r a  a r e  now 
I being analyzed i n  hopes of i den t i fy ing  the  j15/2 I (i1312)-1 l e v e l  wi th  J" = 14-. 
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